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(54)  Clamping  apparatus  with  a  gear  reducer 

(57)  An  apparatus  for  clamping  a  work  piece  on  a 
mounting  table  includes  a  driving  means  (8)  mounted 
inside  of  a  casing  (9),  a  gear  reducer  (10)  connected  to 
an  output  shaft  (20)  of  the  driving  means  (8)  for  reducing 
the  rotational  speed  of  the  driving  means  (8),  a  rotatable 
member  (38)  being  rotatable  by  a  power  taking-off 
means  (33a)  connected  to  the  gear  reducer  (10),  and  a 

detent  member  (7)  screwably  engaged  with  a  rotatable 
member  (38),  in  which  the  detent  member  (7)  is  out- 
wardly  and  inwardly  movable  with  regard  to  the  rotatable 
member  (38)  by  the  rotation  of  the  rotatable  member 
(38)  to  press  the  work  piece  on  the  mounting  table  at 
the  time  of  that  the  detent  member  (7)  is  fixed  on  the 
mounting  table  so  as  not  to  be  rotated. 

FIG.1 
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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  clamping  apparatus  for 
fixing  a  work  piece  such  as  a  die  to  a  mounting  table 
such  as  a  bolster  of  a  machine  tool,  and  more  particu- 
larly  to  a  clamping  apparatus  with  a  gear  reducer. 

Conventionally,  the  work  piece  such  as  the  die  on 
the  bolster  of  the  machine  tool  such  as  a  press  machine 
is  fixed  in  position  by  a  bolt  member  with  its  lower  end 
engaged  with  a  T-slot  formed  in  the  bolster,  and  a  nut 
member.  In  this  arrangement,  the  nut  member  is  man- 
ually  tightened  or  loosened  by  using  a  hand  tool  such 
as  a  spanner  or  the  like.  However,  this  operation  has  to 
be  manually  made,  and  therefore  is  relatively  trouble- 
some  and  time  consuming. 

To  promptly  and  smoothly  tighten  or  loosen  the  nut 
member,  an  automatic  tightening  device  such  as  a  port- 
able  torque  wrench  may  be  used.  The  automatic  tight- 
ening  device  of  this  type  includes  a  driving  means  such 
as  an  air  motor,  and  an  anvil  rotatable  via  the  impact  of 
the  hammer  effected  by  the  rotation  of  the  driving 
means.  With  this  arrangement,  the  bolt  member  or  the 
nut  member  is  rotated  via  predetermined  tightening 
torque  effected  by  the  impact  of  the  hammer. 

However,  the  automatic  tightening  device  of  this 
type  is  disadvantageous  in  the  fact  that,  since  it  is  de- 
signed  to  tighten  the  work  piece  via  the  impact,  such 
impact  is  likely  to  generate  an  excessive  noise,  and 
damage  some  parts  and/or  cause  the  abrasion  of  the 
parts,  and  consequently  weaken  the  durability  of  the  de- 
vice. 

In  addition,  the  space  for  using  the  tightening  device 
is  inherently  limited  by  the  adjacent  dies  or  the  like.  Un- 
der  this  condition,  a  tightening  device  of  a  reduced  di- 
mension  is  required. 

It  is  an  object  of  the  present  invention  to  provide  a 
clamping  apparatus  which  can  reduce  the  noise  gener- 
ated  during  the  clamping  operation. 

It  is  a  further  object  of  the  present  invention  to  pro- 
vide  a  clamping  apparatus  which  can  be  used  for  a  pro- 
longed  period  of  time. 

It  is  another  object  of  the  present  invention  to  pro- 
vide  a  clamping  apparatus  which  can  be  installed  in  a 
limited  place. 

SUMMARY  OF  THE  INVENTION 

In  accordance  with  the  present  invention,  an  appa- 
ratus  for  clamping  a  work  piece  on  a  mounting  table  in- 
cludes  a  driving  means  mounted  inside  of  a  casing,  a 
gear  reducer  connected  to  an  output  shaft  of  the  driving 
means  for  reducing  the  rotational  speed  of  the  driving 
means,  a  rotatable  member  being  rotatable  by  a  power 
taking-off  means  connected  to  the  gear  reducer,  and  a 
detent  member  screwably  engaged  with  a  rotatable 
member,  in  which  the  detent  member  is  outwardly  and 

inwardly  movable  with  regard  to  the  rotatable  member 
by  the  rotation  of  the  rotatable  member  to  press  the  work 
piece  on  the  mounting  table  at  the  time  of  that  the  detent 
member  is  fixed  on  the  mounting  table  so  as  not  to  be 

5  rotated. 
With  this  arrangement,  once  the  driving  means  is 

actuated,  the  rotational  torque  is  transferred  via  the  gear 
reducer  to  the  rotatable  member.  Since  the  detent  mem- 
ber  is  fixed  to  the  mounting  table  so  as  not  to  be  rotated, 

10  it  is  moved  inwardly  or  outwardly  via  the  screwing  mo- 
tion  between  the  detent  member  and  the  rotatable  mem- 
ber  by  the  rotation  of  the  rotatable  member.  When  the 
detent  member  is  moved  away  from  the  rotatable  mem- 
ber,  the  work  piece  mounted  on  the  mounting  table  is 

is  pressed  and  fixed  in  position.  On  the  contrary,  when  the 
detent  member  is  moved  into  the  rotatable  member,  the 
work  piece  is  released  from  the  clamped  state. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
20 

FIG.  1  is  a  front  elevation  with  a  cross  section  illus- 
trating  a  clamping  apparatus  in  accordance  with  a 
first  embodiment  of  the  present  invention; 
FIG.  2  is  an  exploded  perspective  view  illustrating 

25  a  gear  reducer  of  the  clamping  apparatus  of  the 
present  invention; 
FIG.  3A  is  a  cross  section  taken  along  a  line  of  l-l 
of  FIG.  1; 
FIG.  3B  is  a  cross  section  taken  along  a  line  of  ll-ll 

30  of  FIG.  1; 
FIG.  4  is  a  cross  section  taken  along  a  line  of  Ill-Ill 
of  FIG.  1; 
FIG.  5  is  a  top  plan  view  illustrating  a  lower  die 
mounted  on  a  bolster; 

35  FIG.  6  is  a  front  elevation  with  a  cross  section  illus- 
trating  the  clamping  apparatus  in  accordance  with 
a  second  embodiment  of  the  present  invention;  and 
FIG.  7  is  a  cross  section  taken  along  a  line  of  IV-IV 
of  FIG.  6. 

40 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

First  embodiment 
45 

FIGS.  1  to  5  illustrate  a  clamping  apparatus  in  ac- 
cordance  with  a  first  embodiment  of  the  present  inven- 
tion,  in  which  the  clamping  apparatus  is  employed  for 
fixing  a  die  mounted  on  a  press  machine  or  the  like.  In 

so  FIG.  5,  a  bolster  1  of  the  press  machine  defines  in  its 
upper  surface  a  plurality  of  T-slots  3  which  are  aligned 
in  parallel  relationship  with  each  other. 

Four  clamping  apparatuses  5  are  positioned  at  pre- 
determined  positions  in  such  a  manner  as  to  clamp  a 

55  lower  die  6  mounted  on  the  bolster  1.  As  illustrated  in 
FIGS.  1  and  2,  each  clamping  apparatuses  5  include  a 
leg  member  7,  an  air  motor  8  mounted  inside  of  a  casing 
9  and  a  gear  reducer  1  0.  The  leg  member  7  is  preferably 

25 
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designed  so  that  it  can  be  inserted  into  the  correspond- 
ing  T-slot  3,  but  can  not  be  rotated  when  it  is  inserted 
into  the  T-slot  3. 

The  air  motor  8  is  a  conventional  driving  means, 
which  includes  a  cylinder  1  2  fixed  to  an  inner  surface  of 
the  casing  9,  a  rotor  1  3  rotatably  mounted  within  the  cyl- 
inder  12,  and  a  plurality  of  vanes  14  positioned  around 
the  rotor  1  3  in  such  a  manner  as  to  extend  radially  and 
outwardly  from  the  rotor  1  3,  and  to  be  movable  into  and 
away  from  the  rotor  1  3.  An  inner  surface  of  the  cylinder 
12  defines  a  shape  other  than  a  circle  in  cross  section. 
The  vanes  14  each  are  pressed  against  the  inner  sur- 
face  of  the  cylinder  12  via  air  pressure  or  the  like.  The 
rotor  1  3  is  rotatable  forwardly  and  reversely  via  the  pres- 
sure  of  the  compressed  air  which  is  drawn  via  an  air  inlet 
port  (not  shown)  into  a  space  14a  defined  between  the 
cylinder  1  2  and  the  rotor  1  3. 

An  upper  plate  1  5,  a  lower  plate  1  6  and  the  rotor  1  3 
are  connected  together  with  a  plurality  of  bolts  17  set 
along  a  circumferential  direction  of  the  rotor  13  in  such 
a  manner  as  to  be  unitedly  movable.  An  output  shaft  20 
is  formed  at  a  center  of  a  lower  surface  of  the  lower  plate 
16  and  extends  downwardly  in  such  a  manner  as  to  be 
rotatable  along  with  the  rotor  1  3.  An  upper  end  cover  1  8 
is  screwed  into  an  upper  end  of  the  casing  19  to  seal 
the  casing  19. 

The  gear  reducer  10  mounted  in  the  clamping  ap- 
paratus  will  be  discussed  in  detail  hereinbelow. 

A  pair  of  first  gear  members  22  each  have  a  larger 
diameter  than  the  output  shaft  20  and  are  meshed  with 
teeth  20a  formed  on  the  output  shaft  20.  The  both  first 
gear  members  22  are  oppositely  positioned  with  the  out- 
put  shaft  20  therebetween,  as  illustrated  in  FIGS.  2  and 
3A.  A  pair  of  second  gear  members  23  each  have  a  shaft 
23a  which  is  coaxially  aligned  with  the  corresponding 
first  gear  member  22  and  inserted  thereinto  so  that  the 
first  gear  members  22  and  second  gear  members  23  are 
unitedly  movable.  The  diameter  of  the  pitch  circle  of  the 
second  gear  member  23  is  set  to  be  smaller  than  that 
of  the  first  gear  member  22.  The  first  gear  members  22 
and  the  second  gear  members  25,  thus,  constitute  a  first 
gear  speed  reduction  means  24. 

A  pair  of  third  gear  members  25  are  respectively 
meshed  with  the  corresponding  second  gear  members 
23.  The  diameter  of  the  pitch  circle  of  each  third  gear 
member  25  is  set  to  be  larger  than  that  of  each  first  gear 
member  22,  as  illustrated  in  FIGS.  3A  and  3B. 

A  pair  of  fourth  gear  members  26  each  have  a  rel- 
atively  small  diameter,  and  a  shaft  26.  The  shafts  26 
each  are  positioned  besides  the  corresponding  shaft 
23a  of  the  first  gear  members  22,  and  extend  parallel  to 
the  same.  The  shafts  26  are  respectively  inserted  into 
the  corresponding  third  gear  members  22  so  that  the 
third  gear  members  25  and  fourth  gear  members  26  are 
unitedly  movable.  The  diameter  of  the  pitch  circle  of 
each  fourth  gear  member  23  is  set  to  be  smaller  than 
that  of  each  third  gear  member  22.  The  fourth  gear 
members  26  are  meshed  with  an  internal  gear  member 

28  secured  to  the  inner  surface  of  the  casing  9,  as  illus- 
trated  in  FIG.  4.  The  third  gear  members  25  and  the 
fourth  gear  members  26,  thus,  constitute  a  second  gear 
reduction  means  29.  The  first  and  second  gear  speed 

5  reduction  means  24  and  25,  the  internal  gear  member 
28  constitute  an  epicyclic  gear  mechanism. 

An  upper  gear  casing  member  30  defines  four  ap- 
ertures  30a,  and  bearings  31  respectively  mounted  in- 
side  of  the  apertures  30a  for  supporting  the  second  gear 

10  members  23  and  the  fourth  gear  members  26  at  the  up- 
per  ends  of  the  respective  shafts  23a  and  26a.  A  lower 
gear  casing  member  33  defines  four  apertures  33b,  and 
bearings  34  respectively  mounted  inside  of  the  aper- 
tures  33b  for  supporting  the  second  gear  members  23 

is  and  the  fourth  gear  members  26  at  the  lower  ends  of  the 
respective  shafts  23a  and  26a.  The  upper  and  lower 
gear  casing  members  30  and  33  are  secured  together 
via  a  plurality  of  fixing  bolts  35  so  that  the  first,  second, 
third  and  fourth  gear  members  22,  23,  25  and  26  can  be 

20  maintained  in  position  for  the  proper  gear  operation. 
At  the  center  of  the  lower  gear  casing  member  33 

is  provided  a  power  taking-off  means  in  the  form  of  a 
boss  33a  which  defines  a  hexagon  socket  37.  A  nut 
member  38  as  a  rotatable  member  has  a  downwardly 

25  facing  hollowed  portion  defined  by  an  cylindrical  wall, 
an  inner  surface  of  which  is  threaded  to  allow  the  leg 
member  7  to  be  screwably  engaged  with  the  nut  mem- 
ber  38  so  that  the  leg  member  7  can  be  moved  into  and 
away  from  the  nut  member  38  via  the  relative  rotation 

30  of  the  nut  member  38  and  the  leg  member  7.  On  the 
opposite  side  of  the  nut  member  38  is  formed  an  up- 
wardly  protruding  portion  40  with  a  hexagonal  cross  sec- 
tion  so  that  the  nut  member  38  is  prevented  from  rotating 
with  regard  to  the  lower  gear  casing  member  33  by  fitting 

35  into  the  hexagon  socket  36.  Thus,  the  nut  member  38 
can  be  rotated  unitedly  with  the  lower  gear  casing  mem- 
ber  33.  The  nut  member  38  is  supported  by  a  lower  end 
cover  39,  and  is  insertable  into  a  cutout  6a  defined  in 
the  lower  die  6. 

40  A  stopper  41  of  a  rod-like  shape  is  connected  at  its 
one  end  to  a  lower  periphery  of  the  casing  9  via  a  bolt 
43,  extends  parallel  to  the  rotational  axis  of  the  air  motor 
8,  and  is  insertable  into  the  corresponding  T-slot  6  via 
the  cutout  6a  of  the  lower  die  6  in  such  a  manner  as  to 

45  prevent  the  casing  9  from  rotating  during  the  clamping 
operation. 

In  accordance  with  the  arrangement  of  this  embod- 
iment,  the  operational  steps  for  fixing  the  lower  die  6  on 
the  bolster  1  will  be  described  hereinbelow. 

so  The  lower  die  6  is  first  mounted  on  a  predetermined 
position  of  the  bolster  1  .  The  leg  member  7  screwably 
engaged  in  the  nut  member  38  is  then  fitted  into  the  cor- 
responding  T-slot  3  of  the  bolster  1  ,  while  the  nut  mem- 
ber  38  is  inserted  into  the  corresponding  cutout  6a  of 

55  the  lower  die  6. 
The  compressed  air  is  supplied  to  the  air  motor  8 

via  an  air  inlet  port  to  transfer  the  rotational  torque  to  the 
rotor  1  3  and  rotate  the  same  in  one  direction.  The  output 

3 
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shaft  20  is  unitedly  rotated  with  the  rotor  1  3,  and  transfer 
the  rotational  torque  to  the  first  gear  members  22 
meshed  therewith.  Since  the  diameter  of  each  first  gear 
member  22  is  larger  than  that  of  the  output  shaft  20  as 
illustrated  in  FIG.  3A,  the  rotational  speed  of  the  first 
gear  member  22  becomes  lower  than  that  of  the  output 
shaft  20. 

The  rotational  torque  of  the  first  gear  members  22 
is  then  transferred  to  the  third  gear  members  25.  Since 
the  diameter  of  each  third  gear  member  25  is  larger  than 
that  of  the  second  gear  member  23  as  illustrated  in  FIG. 
3A,  the  rotational  speed  of  the  third  gear  member  25 
becomes  lower  than  that  of  the  second  gear  member 
23.  Since  the  fourth  gear  members  26  each  having  a 
diameter  smaller  than  that  of  the  third  gear  member  25 
are  meshed  with  the  internal  gear  member  28  secured 
to  the  inner  surface  of  the  casing  9  as  illustrated  in  FIG. 
4,  the  fourth  gear  members  26  revolve  along  the  internal 
gearmember25.  Thus,  the  upper  and  lower  gear  casing 
members  30  and  33  are  rotated  with  regard  to  the  casing 
9  at  predetermined  reduced  rotational  speed. 

By  the  rotation  of  the  upper  and  lower  gear  casing 
members  30  and  33,  the  nut  member  38  is  unitedly  ro- 
tated.  Since  the  leg  member  7  screwably  engaged  with 
the  nut  member  38  is  avoided  from  rotating  along  with 
the  nut  member  38  by  the  engagement  with  the  T-slot 
3,  the  leg  member  7  moves  into  the  nut  member  38  via 
the  screwing  motion.  The  casing  9,  thus,  moves  towards 
the  bolster  1  ,  and  abuts  at  its  lower  end  cover  39  against 
the  lower  die  6,  and  consequently  clamp  the  lower  die 
6  in  cooperation  with  the  bolster  1  . 

When  the  lower  die  6  is  to  be  released  from  the 
clamping  state,  the  compressed  air  is  supplied  to  the  air 
motor  8  via  another  air  inlet  port  to  reversely  rotate  the 
rotor  1  3.  The  rotational  torque  is  then  transmitted  to  the 
nut  member  34  via  the  gear  reducer  10  so  that  the  nut 
member  34  is  rotated  in  the  reverse  direction.  The  leg 
member  7  is  then  moved  outwardly  in  such  a  manner 
as  to  be  released  from  the  engagement  with  the  T-slot 
3.  Thus,  the  lower  die  6  can  be  removed  from  the 
clamped  position. 

Since  the  gear  reducer  10  is  of  an  arrangement 
which  can  reduce  the  rotational  speed  of  the  output  shaft 
20  at  two  stages  by  the  first  and  second  gear  speed  re- 
duction  means  24  and  29,  even  a  single  gear  reducer 
1  0  can  obtain  a  relatively  high  reduction  gear  ratio  which 
is  conventionally  attainable  by  connecting  a  plurality  of 
the  gear  reducers  together  in  line.  Thus,  the  number  of 
the  gear  reducers  can  be  reduced,  which  contributes  to 
the  manufacturing  of  the  compact  clamping  apparatus. 

In  this  embodiment,  an  electric  motor  may  be  em- 
ployed  instead  of  the  air  motor  8  to  rotate  the  output 
shaft  20.  In  addition,  it  is  not  necessary  to  limit  the 
number  of  the  gear  speed  reduction  means  to  that  of 
this  embodiment.  It  is  possible  to  mount  more  than  three 
gear  speed  reduction  means  within  the  casing  9. 

In  this  embodiment,  the  gear  reducer  10  may  in- 
cludes  a  single  gear  speed  reduction  means,  or  more 

than  two  gear  speed  reduction  means. 

Second  embodiment 

5  FIGS.  6  and  7  illustrate  a  second  embodiment  of 
the  clamping  apparatus  of  the  present  invention.  In  the 
following  description,  the  same  arrangements  as  those 
of  the  first  embodiment  will  not  be  discussed  in  detail 
hereinbelow. 

10  The  output  shaft  20  has  the  axial  center  X  which  is 
eccentric  to  the  rotational  axis  Y  of  the  lower  plate  16. 
A  first  eccentric  gear  member  45  is  supported  by  the 
output  shaft  20  via  a  bearing  46  in  such  a  manner  as  to 
be  movable  with  regard  to  the  output  shaft  20.  The  first 

is  eccentric  gear  member  45  is  eccentrically  rotated  via  the 
rotation  of  the  output  shaft  20.  That  is,  the  first  eccentric 
gear  member  45  revolves  around  the  rotational  axis  Y 
of  the  lower  plate  1  6,  while  being  in  continuous  meshing 
engagement  with  the  internal  gear  member  9a  formed 

20  on  the  inner  surface  of  the  casing  9. 
Four  apertures  48  are  defined  in  the  first  eccentric 

gear  member  45  with  predetermined  spacing,  that  is, 
every  90°  in  the  circumferential  direction  of  the  gear 
member  45  in  this  case.  A  rotating  disc  49  is  positioned 

25  below  the  first  eccentric  gear  member  45,  and  has  four 
upward  projections  50  which  are  respectively  inserted 
into  the  apertures  48.  The  diameter  of  each  aperture  48 
is  preferably  set  to  be  such  an  amount  as  to  satisfy  the 
following  formula:  DS2  x  L  +  d,  in  which  D  indicates  the 

30  diameter  of  each  aperture  48,  L  indicates  the  amount  of 
the  eccentricity  of  the  output  shaft  20,  and  d  indicates 
the  diameter  of  each  upward  projection  50. 

The  rotating  disc  49  is  rotatable  about  the  rotating 
axis  Y,  and  has  an  eccentric  shaft  49a  with  the  same 

35  amount  of  eccentricity  L  as  that  of  the  output  shaft  20. 
A  second  eccentric  gear  member  52  is  supported  by  the 
eccentric  shaft  49a  via  a  bearing  53  in  such  a  manner 
as  to  be  rotatable  with  respect  to  the  eccentric  shaft  49a. 
The  second  eccentric  gear  member  52  has  the  same 

40  shape  as  that  of  the  first  eccentric  gear  member  45, 
which  includes  four  apertures  55  formed  in  the  same 
manner.  The  nut  member  38  positioned  below  the  sec- 
ond  eccentric  gear  member  45  is  provided  with  four  up- 
ward  projections  56  which  are  respectively  inserted  into 

45  the  apertures  55  of  the  second  eccentric  gear  member 
52. 

In  accordance  with  the  arrangement  of  this  embod- 
iment,  the  operational  steps  for  fixing  the  lower  die  6  on 
the  bolster  1  will  be  described  hereinbelow. 

so  The  lower  die  6  is  first  mounted  on  the  bolster  1  in 
the  same  manner  as  that  of  the  first  embodiment.  By  the 
actuation  of  the  air  motor  8,  the  lower  plate  1  6  is  rotated 
so  that  the  output  shaft  20,  which  is  eccentrically  posi- 
tioned  with  respect  to  the  rotating  axis  Y  of  the  lower 

55  plate  16,  causes  the  first  eccentric  gear  member  45  to 
eccentrically  rotate  in  the  direction  of  the  arrow  a  as  il- 
lustrated  in  FIG.  7.  This  eccentric  movement  allows  the 
first  eccentric  gear  member  45  to  be  brought  into  con- 
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tinuous  meshing  engagement  with  the  internal  gear 
member  9a  formed  on  the  inner  surface  of  the  casing  9. 

Via  the  meshing  engagement  with  the  internal  gear 
member  9a,  the  first  eccentric  gear  member  45  is  re- 
volved  in  the  direction  of  arrow  p,  that  is,  in  the  opposite 
direction  to  the  rotational  direction  of  the  output  shaft 
20,  at  a  rotational  speed  slower  than  that  of  the  output 
shaft  20.  It  is  preferable  that  the  difference  between  the 
number  of  the  teeth  of  the  internal  gear  member  9a  and 
that  of  the  first  eccentric  gear  member  45  is  set  to  be  as 
small  as  possible  to  obtain  a  higher  reduction  gear  ratio. 
That  is,  the  speed  transferring  ratio  between  Z1  (number 
of  the  teeth  of  the  first  eccentric  gear  member  45)  and 
Z2  (number  of  the  teeth  of  the  internal  gear  member  9a) 
establishes  the  following  relationship: 

Speed  transferring  ratio  =  (Z2-Z1):Z1 

Accordingly,  in  case  of  Z1  =66  and  12=12,  the  speed 
reduction  ratio  is  1:11. 

The  rotational  torque  of  the  first  eccentric  gear 
member  45  is  transferred  to  the  rotating  disc  49  via  the 
upward  projections  50.  Then,  the  second  eccentric  gear 
member  52  meshed  with  the  internal  gear  member  9a 
is  revolved  along  the  internal  gear  member  9a  in  the  di- 
rection  opposite  to  the  first  eccentric  gear  member  45 
at  the  same  speed  transferring  ratio  as  above,  that  is, 
1:11.  Accordingly,  the  entire  speed  transferring  ratio  be- 
comes  1:121. 

The  second  eccentric  gear  member  52  whose 
speed  is  reduced  by  the  above  speed  transferring  ratio 
causes  the  nut  member  38  to  rotate  in  the  same  direc- 
tion  as  that  of  the  output  shaft  20,  and  the  leg  member 
7  screwably  engaged  with  the  nut  member  38  to  press 
the  lower  die  6  from  above  and  fix  the  same  on  the  bol- 
ster  1  . 

In  this  embodiment,  by  providing  the  first  and  sec- 
ond  eccentric  gear  members  45  and  52,  the  nut  member 
38  is  rotated  in  the  same  direction  as  that  of  the  air  motor 
8.  However,  when  the  nut  member  38  is  to  be  rotated  in 
the  opposite  direction  to  that  of  the  air  motor  8,  it  is  pos- 
sible  to  omit  the  second  eccentric  gear  member  52,  and 
rotate  the  nut  member  38  directly  by  the  rotating  disc  49. 

The  internal  gear  member  9a  may  be  integrally 
formed  with  the  casing  9,  or  may  be  separately  formed. 
In  addition,  a  plurality  of  the  internal  gear  members  9a 
may  be  provided  in  such  a  manner  as  to  be  respectively 
meshed  with  the  first  and  second  eccentric  gear  mem- 
bers  45  and  52. 

During  the  lower  die  6  is  subjected  to  the  fastening 
force  via  the  leg  member  7  and  the  lower  surface  of  the 
lower  end  cover  39,  the  leg  member  7  is  subjected  to 
the  tension  force,  which  force  causes  strain  over  the  leg 
member  7.  The  fastening  force  of  the  lower  die  can  be 
observed  by  sensing  the  magnitude  of  the  strain  caused 
in  the  direction  of  the  tension  force  applied  on  the  leg 
member  7.  The  strain  can  be  sensed  by  a  strain  gauge 

60  mounted  on  the  leg  member  7  as  illustrated  in  FIGS. 
1  and  6.  In  accordance  with  this  sensing  means,  it  is 
possible  to  control  air  flow  via  a  controlling  unit  for  con- 
trolling  a  valve  provided  on  a  distributing  pipe  connected 

5  between  the  clamping  apparatus  and  an  air  source  such 
as  a  compressor  pre-installed  in  a  factory,  so  that  the 
air  is  supplied  to  the  air  motor  8,  and  consequently  a 
predetermined  magnitude  of  the  fastening  force  can  be 
obtained  to  properly  clamp  the  work  piece. 

10  In  accordance  with  the  conventional  clamping  ap- 
paratus  with  the  impact  mechanism,  the  clamping  ap- 
paratus  is  likely  to  be  greatly  vibrated  via  the  impact. 
Such  vibration  may  hesitate  the  strain  gauge  60  from 
exactly  sensing  the  magnitude  of  the  strain.  On  the  con- 

's  trary,  since  the  clamping  apparatus  of  the  present  inven- 
tion  includes  the  gear  reducer,  it  is  unlikely  tocause  such 
vibration,  and  is  suitable  for  protecting  the  strain  gauge 
60  against  vibration  or  the  like  which  may  occur  during 
the  clamping  operation. 

20  It  is  possible  to  control  the  pressure  of  the  supplied 
air  so  that  the  output  shaft  20  of  the  air  motor  8  can  be 
stopped,  for  example,  at  the  time  that  the  air  motor  8  is 
subjected  to  the  excessive  load. 

In  accordance  with  the  clamping  apparatus  of  the 
25  present  invention,  the  operator's  work  load  for  the  fixture 

and  release  of  the  work  piece  can  be  reduced  as  com- 
pared  with  the  conventional  manner,  in  which  the  oper- 
ator  clamps  the  work  piece  by  tightening  a  bolt  and  a 
nut  with  a  hand  tool  such  as  a  spanner.  This  contributes 

30  to  the  increase  of  the  production  efficiency. 
The  gear  mechanism  of  the  clamping  apparatus  of 

the  present  invention  can  avoid  the  disadvantages 
which  are  inherently  associated  with  the  conventional 
impact  type  clamping  apparatus,  namely,  the  noise, 

35  damage,  abrasion,  etc.,  caused  by  the  impact.  Thus,  the 
clamping  apparatus  of  the  present  invention  can  be 
used  for  a  prolonged  period  of  time. 

As  discussed  above,  the  clamping  apparatus  of  the 
present  invention  can  compactly  be  manufactured  so 

40  that  it  can  easily  be  installed  even  in  a  limited  space  with- 
out  the  blocking  by  the  lower  die  or  the  like. 

Claims 
45 

1  .  A  clamping  apparatus  for  clamping  a  work  piece  on 
a  mounting  table  comprising: 

a  driving  means  (8)  mounted  inside  of  a  casing 
so  (9); 

a  gear  reducer  (10)  connected  to  an  output 
shaft  (20)  of  said  driving  means  (8)  for  reducing 
the  rotational  speed  of  the  driving  means  (8); 
a  rotatable  member  (38)  being  rotatable  by  a 

55  power  taking-off  means  (33a)  connected  to 
said  gear  reducer  (10);  and 
a  detent  member  (7)  screwably  engaged  with 
a  rotatable  member  (38),  in  which  said  detent 

50 

55 

5 



9 EP  0  791  434  A1 10 

member  (7)  is  movable  into  and  away  from  said 
rotatable  member  (38)  by  the  rotation  of  the  ro- 
tatable  member  (38)  to  clamp  the  work  piece  in 
cooperation  with  the  mounting  table  at  the  time 
of  that  said  detent  member  (7)  is  fixed  to  the 
mounting  table  so  as  not  to  be  rotated  by  the 
rotation  of  the  rotatable  member  (38). 

2.  A  clamping  apparatus  as  set  forth  in  claim  1  ,  where- 
in  said  gear  reducer  (10)  comprises  a  first  gear  re- 
duction  means  (24)  meshed  with  said  output  shaft 
(20)  so  that  said  first  gear  reduction  means  (24)  ro- 
tates  at  a  speed  lower  than  said  output  shaft  (20); 
and 
a  second  gear  reduction  means  (29)  meshed  with 
said  first  gear  reduction  means  (24)  so  that  said 
second  gear  reduction  means  (29)  rotates  at  a 
speed  lower  than  said  first  gear  reduction  means 
(24),  in  which  the  rotational  torque  of  said  second 
gear  reduction  means  (29)  is  transferred  to  said 
power  taking-off  means  (33a). 

3.  A  clamping  apparatus  as  set  forth  in  claim  2,  where- 
in  said  first  gear  reduction  means  (24)  includes: 

a  first  gear  member  (22)  meshed  with  a  thread- 
ed  portion  of  said  output  shaft  (20)  and  a  sec- 
ond  gear  member  (23)  with  a  diameter  smaller 
than  that  of  said  first  gear  member  (22)  which 
is  unitedly  rotatable  with  said  first  gear  member 
(22)  ,  said  first  gear  member  (22)  having  a  di- 
ameter  larger  than  that  of  said  output  shaft  (20); 
said  second  gear  reduction  means  (29)  in- 
cludes  a  third  gear  member  (25)  meshed  with 
said  second  gear  member  (23)  and  a  fourth 
gear  member  (26)  having  a  diameter  smaller 
than  that  of  said  third  gear  member  (25)  which 
is  unitedly  rotatable  with  said  third  gear  mem- 
ber  (25),  said  third  gear  member  (25)  having  a 
diameter  larger  than  said  second  gear  member 
(23)  ; 
said  first,  second,  third  and  fourth  gear  mem- 
bers  (22,  23,  25,  26)  mounted  within  a  gear  cas- 
ing,  and  said  fourth  gear  member  (26)  meshed 
with  an  internal  gear  member  (28)  fixed  to  said 
casing  (9)  so  that  said  gear  casing  is  rotatable 
by  the  rotation  of  the  output  shaft  (20);  and  said 
gear  casing  is  provided  with  said  power  taking- 
off  means  (33a). 

4.  A  clamping  apparatus  as  set  forth  in  claim  3,  where- 
in  said  power  taking-off  means  (33a)  provided  on 
said  gear  casing  is  a  boss,  through  which  the  rota- 
tional  torque  of  said  gear  casing  is  transferred  to  the 
rotatable  member  (38). 

5.  A  clamping  apparatus  as  set  forth  in  claim  3,  where- 
in  said  second  gear  member  (23)  is  inserted  into 

said  first  gear  member  (22),  said  fourth  gear  mem- 
ber  (26)  is  inserted  into  said  third  gear  member  (23), 
said  gear  casing  includes  an  upper  gear  casing 
member  (30)  for  supporting  upper  ends  of  a  shaft 

5  of  said  second  gear  member  (23)  and  said  fourth 
gear  member  (26)  and  a  lower  gear  casing  member 
(33)  for  supporting  lower  ends  of  said  shaft  of  said 
second  gear  member  (23)  and  said  fourth  gear 
member  (26). 

10 
6.  A  clamping  apparatus  as  set  forth  in  claim  2,  where- 

in  said  gear  reducer  (1  0)  is  an  epicyclic  gear  mech- 
anism  which  includes  a  first  gear  member  (22)  hav- 
ing  a  diameter  larger  than  that  of  said  output  shaft 

is  (20)  for  receiving  the  rotational  torque  of  the  output 
shaft  (20),  a  second  gear  member  (23)  having  a  di- 
ameter  smaller  than  said  first  gear  member  (22), 
said  second  gear  member  (23)  being  rotatable  unit- 
edly  with  said  first  gear  member  (22),  and  an  inter- 

20  nal  gear  member  (28)  fixed  to  said  casing  (9)  and 
meshed  with  said  second  gear  member  (23); 
said  first  and  second  gear  members  (22,  23)  are 
mounted  to  a  gear  casing  so  that  said  gear  casing 
is  rotatable  by  the  rotation  of  said  output  shaft  (20); 

25  and  said  gear  casing  is  provided  with  said  power 
taking-off  means  (33a). 

7.  A  clamping  apparatus  as  set  forth  in  claim  1  ,  where- 
in  said  output  shaft  (20)  is  eccentrically  positioned 

30  with  regard  to  the  axial  center  Y  of  said  driving 
means  (8);  and  said  gear  reducer  (10)  includes  an 
eccentric  gear  member  (45)  being  supported  by 
said  output  shaft  (20)  in  such  a  manner  as  to  be 
rotatable  with  regard  to  said  output  shaft  (20),  an 

35  internal  gear  member  (9a)  being  fixed  to  said  casing 
(9)  so  that  said  eccentric  gear  member  (45)  can  be 
in  continuous  meshing  engagement  with  the  inter- 
nal  gear  member  (9a)  and  revolved  along  the  same, 
wherein  the  rotational  torque  of  said  eccentric  gear 

40  member  (45)  is  transferred  to  said  rotatable  mem- 
ber  (38). 

8.  A  clamping  apparatus  as  set  forth  in  claim  1  ,  where- 
in  said  output  shaft  (20)  is  eccentrically  positioned 

45  with  regard  to  the  axial  center  Y  of  said  driving 
means  (8);  and  said  gear  reducer  (10)  includes  a 
first  eccentric  gear  member  (45)  being  supported 
by  said  output  shaft  (20)  in  such  a  manner  as  to  be 
rotatable  with  regard  to  said  output  shaft  (20),  an 

so  internal  gear  member  (9a)  being  fixed  to  said  casing 
(9)  so  that  said  first  eccentric  gear  member  (45)  can 
be  in  continuous  meshing  engagement  with  the  in- 
ternal  gear  member  (9a)  and  revolved  along  said 
internal  gear  member  (9a),  and  a  rotating  disc  (49) 

55  being  rotatable  around  the  axial  center  Y  in  the  ro- 
tational  direction  opposite  to  that  of  said  output  shaft 
(20)  at  a  speed  lower  than  said  output  shaft  (20)  by 
the  rotation  of  said  first  eccentric  gear  member,  and 

6 
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a  second  eccentric  gear  member  (52)  being  sup- 
ported  by  an  eccentric  shaft  (49a)  being  eccentric 
to  said  rotating  disc  (49)  in  such  a  manner  as  to  be 
rotatable  with  regard  to  said  eccentric  shaft,  where- 
in  the  rotational  torque  of  said  second  eccentric  s 
gear  member  (52)  is  transferred  to  said  power  tak- 
ing-off  means  (33a). 

9.  A  clamping  apparatus  as  set  forth  in  claim  7,  where- 
in  said  eccentric  gear  member  (45)  defines  at  least  10 
one  aperture  (48),  through  which  projections  (50, 
56)  respectively  protruding  from  said  rotatable 
member  (38)  are  inserted  so  that  said  rotatable 
member  (38)  can  be  rotated  via  the  engagement  be- 
tween  said  apertures  (48)  and  said  projections  (50,  15 
56)  by  the  rotation  of  said  eccentric  gear  member 
(45),  in  which  the  diameter  of  said  aperture  (48)  is 
set  to  be  such  an  amount  as  to  satisfy  the  following 
formula:  DS2  x  L  +  d,  in  which  D  indicates  the  di- 
ameter  of  said  aperture  (48),  L  indicates  the  amount  20 
of  the  eccentricity  of  the  output  shaft  (20),  and  d  in- 
dicates  the  diameter  of  said  projection  (50,  56). 

10.  A  clamping  apparatus  as  set  forth  in  claim  1  ,  where- 
in  said  output  shaft  (20)  is  eccentrically  positioned  25 
with  regard  to  the  axial  center  Y  of  said  driving 
means  (8); 
said  gear  reducer  (10)  includes  a  plurality  of  eccen- 
tric  gear  members  (45)  each  having  at  least  one  ap- 
erture  (48),  a  plurality  of  connecting  means  respec-  30 
tively  interposed  between  said  adjacent  eccentric 
gear  members  (45),  said  connecting  means  each 
having  at  its  one  surface  protrusions  (50)  being  re- 
spectively  insertable  into  said  apertures  (48)  of  said 
eccentric  gear  member  (45)  adjacent  to  said  sur-  35 
face  of  said  connecting  means,  and  at  its  opposite 
surface  an  eccentric  shaft  (49a)  for  supporting  said 
eccentric  gear  member  (45)  adjacent  to  said  oppo- 
site  surface  of  said  eccentric  gear  member  (45)  in 
such  a  manner  as  to  be  rotatable  with  regard  to  said  40 
eccentric  gear  member;  and  said  rotatable  member 
(38)  having  at  its  surface  adjacent  to  said  eccentric 
gear  member  (45)  protrusions  being  insertable  into 
said  apertures  (48)  of  said  eccentric  gear  member 
(45)  so  that  the  rotational  torque  of  said  output  shaft  45 
(20)  can  be  transferred  to  said  rotatable  member 
(38)  via  said  eccentric  gear  members  (45)  and  said 
connecting  means  at  a  speed  lower  than  that  of  said 
output  shaft  (20). 

50 
11.  A  clamping  apparatus  as  set  forth  in  claim  10, 

wherein  the  diameter  of  each  of  said  apertures  (48) 
of  each  eccentric  gear  member  (45)  is  set  to  be  such 
an  amount  as  to  satisfy  the  following  formula:  DS2 
x  L  +  d,  in  which  D  indicates  the  diameter  of  said  55 
aperture  (48),  L  indicates  the  amount  of  the  eccen- 
tricity  of  the  output  shaft,  and  d  indicates  the  diam- 
eter  of  the  corresponding  projection  (50,  56). 

1  2.  A  clamping  apparatus  as  set  forth  in  claim  1  ,  where- 
in  said  rotatable  member  (38)  has  a  cylindrical  hol- 
low  portion  which  opens  outwardly,  and  an  inner 
surface  of  a  wall  defining  said  cylindrical  hollow 
forms  a  threaded  portion,  with  which  a  threaded 
portion  formed  on  a  surface  of  said  detent  member 
(7)  is  screwably  engaged. 

7 
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